BackgROunD accurate staging is essential for effective treatment of any cancer. The current published guidelines from various countries have recommended the routine use of computed tomography (cT) thorax, abdomen, and pelvis for gastric cancer staging (1) (2) (3) (4) (5) . However, the validity of the use of cT thorax for routine gastric cancer staging has not been challenged in recent literature.
gastric cancer is the fourth most common cancer in the world (6) (7) (8) . Interestingly, there is an obvious geographical variation, with distal gastric cancers being more prevalent in asia, Singapore included, in contrast to proximal gastric cancers in the West (6, (8) (9) (10) (11) (12) . In our hospital, cT scans of the abdomen and pelvis are routinely performed for gastric cancer staging, while cT thorax is reserved for proximal gastric tumors extending toward the lower esophagus. We aim to review and evaluate the necessity of cT thorax in routine gastric cancer staging in our population.
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Methods: a retrospective review was conducted on our gastric cancer registry from 1998 till 2012 in the national university hospital, singapore. We performed computed tomography thorax only in selected cases. We defined isolated lung metastasis as the presence of suspicious findings on computed tomography thorax in the absence of metastasis elsewhere.
Results: a total of 808 gastric cancer cases were reviewed. the mean age of the patients was 66 years (standard deviation 13.53), and 67% were male. in all, 238 patients (30%) had metastatic disease at presentation, and 1 (0.42%) had isolated lung metastasis. the most common site of metastasis was intra-abdominal (73.8%). among the patients who underwent surgery, the overall distant recurrence rate was 30%, of which only 83 (30%) patients had lung metastasis and all had concurrent metastasis in an intra-abdominal site.
Conclusion: the rarity of isolated lung metastasis in gastric cancer suggests the limited value of computed tomography thorax as a routine staging tool for gastric cancers. The current protocol in our unit for the staging of gastric cancer consists of a complete clinical assessment, chest radiograph (cXR), and cT abdomen and pelvis. The cT scan of the abdomen is performed with a gastric distension technique in which the stomach is filled with either gas or water prior to the scan (13) . cT thorax is performed only in patients with proximal gastric cancers, suspicious findings on the cXR, or where chest symptoms such as chest pain and breathlessness are present. all scans are performed with intravenous contrast using a high-resolution 64-slice cT scanner. Staging laparoscopy is routinely performed in advanced gastric cancers. Endoscopic ultrasound (EuS) was not used routinely. all gastric cancer patients in our institution are discussed at the weekly multidisciplinary team (MDT) meeting attended by surgeons, radiologists, pathologists, oncologists, and care coordinators. all cancers were staged according to the american Joint committee on cancer (aJcc) gastric cancer Staging version 7 (9) . The standard of care in our centre is D2 gastrectomy for curative intent. Surgical therapies were planned in accordance to the recommendations made in Japanese gastric cancer Treatment guidelines (1-5).
FOLLOW-uP all patients are routinely followed up at the specialist outpatient clinic at 3-monthly intervals for the first year, 6-monthly intervals for the next 3 years, and yearly thereafter. Radiological imaging and endoscopy are performed only if clinically indicated, such as in cases of suspected recurrence.
STuDY DEFInITIOnS
For this study, isolated lung metastasis was defined as the presence of lung metastasis without any other sites of metastasis on cT scan. Recurrence was defined as the radiological evidence of metastasis after 3 months from surgery. Histological confirmation was performed only if clinically indicated.
all patients are on lifelong follow-up after surgery. Those who defaulted routine follow-up and had no recorded demise in the national Death Registry of Singapore are deemed as loss to follow-up. admissions to other hospitals recorded in the national Electronic Healthcare Systems are also reviewed in our study for any significant event following gastric cancer surgery.
STaTISTIcaL anaLYSIS
Patient characteristics, staging information, histology, and follow-up data were extracted from the database and patients' clinical notes. all cases of incomplete data were excluded from the analysis. chi-square test was used for categorized variables. Data were analyzed using SPSS v17.0 and reviewed with a statistician.
RESuLTS
aT PRESEnTaTIOn a total of 808 of the 839 patients in the gastric cancer Registry at the national university Hospital were analyzed. In all, 17 (0.02%) patients were excluded due to incomplete follow-up data. There were 538 (66.58%) male patients and 270 (33.42%) female patients. The predominant race was chinese (81.73%), and the mean age was 66 years, ranging from 20 to 98 years. The pathological characteristics of patients at presentation are shown in Table 1 . at initial presentation, 238 (29.5%) gastric cancer patients had distant metastasis. Lung involvement was present only in 17 (7.14%) patients. Only 1 patient (0.42%) had isolated lung metastasis, while the other patients had synchronous metastasis in the liver and bone. Out of the 238 patients with distant metastases, majority (55%) had liver and peritoneal metastasis. The other sites of metastasis were mainly intra-abdominal (5%), involving organs such as spleen, adrenal gland, and the bladder. none of our patients had concurrent lung pathology that directly influenced the treatment for gastric cancer.
We reviewed the locations of primary gastric cancer in 238 patients who presented with metastatic disease and found that majority (58.82%) of the patients with lung metastasis had gastric cancers located in the upper one-third of the stomach. This is in contrast to the patients who had no metastatic lung involvement where cancers were predominantly (46.20%) located in the distal one-third of the stomach (Table 2) . However, the difference was not statistically significant (p = 0.09).
The single patient with isolated lung metastasis had a proximal gastric adenocarcinoma without esophageal extension diagnosed on upper endoscopy and biopsy. a cT thorax was performed after suspicious findings of pleural thickening on routine staging cXR. Due to multiple comorbidities, the patient received palliative care, and his demise 3 months later was related to metastatic gastric cancer.
aT REcuRREncE a total of 273 patients underwent surgery with curative intent. The median follow-up period was 25 months (range: 7-54 months). The overall recurrence rate is 30.4%. Lung metastasis was detected in four patients (4.82%), all of whom had concurrent metastasis in intra-abdominal sites detected on cT scan of the abdomen and pelvis. There were no cases of isolated lung recurrence in the follow-up of these patients. In all, 78.3% of patients had recurrence at a single site, with the most common site being the gastric bed. Distribution of recurrence sites is described in Fig. 1 .
DIScuSSIOn
Following the advances in cT imaging, the use of cT for staging has become a standard for many cancers. The inclusion of cT thorax for gastric cancer staging has been recommended by guidelines based in united States and Europe. These include national comprehensive cancer network (nccn) guidelines (3, 4) , European Society for Medical Oncology (ESMO) (2), association of upper gastrointestinal Surgeons of great Britain and Ireland (augIS) (14) , and Scottish Intercollegiate guidelines network (SIgn) (1).
The incidence of lung involvement in gastric cancers reported in the literature is low and is similar to that reported in our current study (6, 8) . From our study, the inclusion of cT thorax as an initial staging tool for all gastric cancers will only detect seven positive findings out of every 100 patients staged. More importantly, most, if not all, will have concurrent metastases in the abdominal cavity. Hence, even if there is a positive finding in the chest, it does not change the management of the patient. conversely, routine inclusion of cT thorax underpins rising healthcare cost and potentially unwarranted radiation. Furthermore, the detection of non-specific findings that mimic metastasis may aggravate the anxiety with further investigations and follow-up scans.
The clinical impact of detection of lung metastasis is further diminished when we examine our data on metastatic cases alone. From our data, only 7.14% of metastatic cases will have involvement of lung parenchyma. Only in the 1 patient (0.42%) with isolated lung metastasis can this be potentially beneficial where a non-therapeutic surgery may be averted. This can be argued as a diagnostic laparoscopy, which might have revealed peritoneal metastasis, that was not detected on cT imaging.
Proximal gastric cancers were postulated to have a higher incidence of lung metastasis given the increased likelihood of mediastinal lymph node involvement in proximal gastric cancers. This was however not statistically significant in our cohort. given the overall low incidence of lung metastasis, we are unable to conclude the utility cT thorax for this specific subgroup of patients in our current review.
To the authors' knowledge, there is no further similar analysis done for gastric cancers in the literature. Hence, with the current evidence, the authors recommend that cT abdomen and cXR should suffice for gastric cancer staging especially in asian countries where proximal cancers remain relatively uncommon (15) . cT thorax should be recommended only in selected patients with chest symptoms or abnormal cXR as the incidence of isolated lung metastasis is exceedingly rare from our data. In patients with stage 4 disease and evidence of intra-abdominal metastasis, cT thorax should be included only for patients with optimal response to chemotherapy, therefore making the patient a suitable candidate for therapeutic surgery.
cOncLuSIOn Isolated lung metastasis in gastric cancer has not been reported before. given the rarity of such occurrence in gastric cancer and minimal impact on treatment strategy, the risks outweigh the benefit for routine inclusion of cT thorax for staging. We recommend selective use of cT thorax as a staging tool for gastric cancer, and further research can focus on delineating specific subgroups with higher risk of lung metastasis.
